Tm-doped solid-state lasers operating in the eyesafe two micron regime are of interest for many applications in the scientific, defence, and medical fields. Tm:YLF is an attractive active medium for a number of these applications since it offers very weak thermal lensing, high polarisation purity, and a relatively large UT product with strong absorption bands around 0.8pm suitable for laser diode pumping. Despite these attributes, Tm:YLF is a fragile crystal with a low tensile strength, moderate thermal conductivity, and a quasi-three-level energy structure. As a consequence scaling single-mode output power is quite challenging and is limited by crystal fracture rather than thermal lensing as is usually the case in host materials like YAG. The thermally induced stress fracture limit for a longitudinally-pumped bulk solidstate laser is determined by the crystal's material parameters, the heat deposition per unit length, its geometry, and the heat sinking arrangement. Our strategy for power scaling end-pumped Tm:YLF lasers revolves around increasing the crystal's stress fracture limit. The approach is two-fold, the first is to reduce the heat deposition density and the second is to use a thin-slab geometry and high aspect-ratio pump-volume. Together we believe they offer the potential for an increase in output power by as much as an order-of-magnitude compared to that currently achievable from a simple single-rod laser. Here we report preliminary results of experiments aimed at investigating the first part this strategy.
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The only significant degree of freedom available for decreasing the heat deposition density in longitudinallypumped quasi-three-level lasers is to reduce the doping concentration and hence the absorption coefficient. However, in Tm-doped crystals the situation is further complicated since a relatively high Tm3+ concentration is needed for efficient two-for-one cross-relaxation between neighbouring Tm ions, which enhances the quantum yield and hence, reduces the fractional heat loading in the crystal. In addition, however, there is another heat generating process, energy-transferupconversion (ETU), which increases with increasing excitation density (and hence doping concentration), leading to a proportion of the threshold pump power being converted directly to heat within the crystal. Thus, for power scaling, there are conflicting requirements which imply that very careful selection of the Tm concentration is needed to maximise the fracture limit. We have compared the laser performance of single end-pumped 2at.% and 4at.% Tm:YLF rods and demonstrate that the former has greater power scaling potential, albeit with greater demand on the pump brightness.
The Figure 1 for an output coupler reflectance of 87%. Slope efficiencies of 51% and 44% for a-polarised lasing at a wavelength of 1.91 gm were obtained for the 4at.% and the 2at.% doped YLF rods respectively. These slope efficiencies provide a relative measure of the quantum efficiency for each doping concentration, i.e. the 4at.% Tm:YLF has a 16% higher quantum yield compared to the 2at.% Tm:YLF crystal, as all other parameters that affect the slope efficiency were equalised. Comparing the end-pumped stress fracture limit for the two doping concentrations, we find that the maximum absorbed pump power for 2at.%Tm is on the order of 1.5 times that for the 4at.% Tm, taking into account the factor-of-two lower absorption coefficient and an increased thermal loading corresponding to the lower quantum efficiency. This neglects the impact of ETU which is much weaker for lower Tm concentrations, further favouring the use of the 2at.% doped crystal. A further increase in the crystal stress-fracture limit can be achieved by using a high aspect-ratio slab geometry. The latter is compatible with longitudinal pumping by high-power diode-stacks and in combination with a 2at% Tm concentration, is expected to allow scaling of the output power by a factor-of-ten without resort to complicated multirod resonator geometries. Preliminary results for a Tm:YLF slab laser, end-pumped by a high-power diode-stack will be presented, and the prospects for further improvement in performance will be discussed. 
